To the Editor:
Lung cancer remains the leading cause of cancer-related deaths (1, 2) . Low-dosage computerized tomography scanning can reduce lung cancer mortality in high-risk smokers (3); however, this type of scan is also accompanied by high false-positive rates. In addition, cost, concerns regarding overdiagnosis, and cumulative radiation exposure remain points of concern. Affordable and complementary noninvasive testing such as blood-based biomarkers could potentially increase the accuracy of early diagnosis of lung cancer. Several detection assays are currently being evaluated, including early CDT-lung (4), microRNA test (5) , and a plasma protein classifier (6) . Here, we describe a newly developed tethered lipoplex nanoparticle (TLN) biochip (7) that can both capture circulating extracellular vesicles (EVs) and detect RNA contents. Because many microRNAs in circulating EVs have been investigated as lung cancer biomarkers, with mixed performance and inconsistent results (8) (9) (10) (11) , here we chose to explore mRNA targets in blood EVs, which have not been well investigated for biomarker application. We first conducted next-generation sequencing to profile circulating RNA in plasma from surgically proven earlystage adenocarcinoma of the lung (n = 7) and benign granulomas of the lung (n = 10). We designed a molecular beacon for transketolase 1 (TKTL1), a glucose regulation gene identified from the next-generation sequencing study, as the most up-regulated mRNA for testing in our TLN biochip. We also designed a molecular beacon for thyroid transcription factor 1 (TTF1), a wellknown up-regulated mRNA in lung cancer tissue (7) (8) (9) . We tested these two mRNAs, using our TLN biochip to assess their feasibility as an assay for lung nodule assessment. Figure 1A shows the TLN concept and a 24-well TLN biochip on a glass slide. Individual molecular beacons (MBs) for the two mRNA targets were designed and encapsulated in cationic liposomal nanoparticles. These cationic lipoplex nanoparticles were tethered on the biochip, which can capture negatively charged EVs by electrical static interactions to form a larger nanoscale complex. This lipoplex-EV fusion leads to mixing of RNAs and MBs within the nanoscale confinement near the biochip interface. Total internal reflective fluorescence (TIRF) microscopy is capable of detecting a single biomolecule and measures signals smaller than 300 nm near the interface, which is where the tethered liposomal nanoparticles locate. The high sensitivity and near-interface detection makes TIRF microscopy a perfect combination with our TLN biochip for detecting the genetic materials in EVs as biomarkers. The well-to-well technical repeatability on the same chip revealed variation of 1-5%, as shown in Figure 1D , whereas the chip-to-chip technical repeatability revealed variation of 5-20% for most samples, as shown in Figure 1E .
Ethylenediaminetetraacetic acid plasma samples stored at 280 8 C from 38 individuals with benign lung nodules, 38 early stage I adenocarcinomas, 40 late-stage adenocarcinomas, and 40 patients without lung nodules were provided by the New York University Langone Medical Center. Figures 1B and 1C show representative TLN-TIRF images and bar charts, respectively, of EV TTF1 and TKTL1 expression for all four cohorts (N = 156). TTF1 showed an upward trend between cohorts with and without cancer and between patients with stage IA/B and advanced adenocarcinoma, whereas TKTL1 showed concentration differences between cohorts with and without cancer, with little difference between individuals with or without benign nodules. Because both TTF1 and TKTL1 were up-regulated in malignant nodules, overlap between the two mRNA expressions was observed. There was a distinction between patients with advanced cancer and nonpatients; however, there was overlap between patients with stage IA/B lung cancer and individuals with benign nodules.
The major TLN assay variation was attributable to the EV isolation from plasma samples. We found that sample volume had an effect on assay repeatability. The chip-to-chip variation could be greater than 20% when we used 20 ml plasma for EV isolation. When the volume was increased from 20 to 80 ml plasma, this variation was reduced, as shown in Figure 1E . We also found that the selection of a proper EV isolation kit and its operation protocol could affect the assay repeatability. A higher kit to sample ratio (1:3, instead of the manufacturer-suggested 1:4) can greatly reduce the sample preparation-induced assay variation.
The quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) analysis of cohorts with benign lung lesions and stage IA/B adenocarcinomas failed to show differences in TTF1 and TKTL1 concentrations as a result of very low target mRNA contents for PCR-based detection (high cycle threshold values), even when the volume of plasma used was increased from 20 to 200 ml. Although mRNAs have been routinely detected in tissue and cells by qRT-PCR, their detection in circulating EVs has been more challenging because mRNAs present in EVs are a mixture of intact and fragmented transcripts (12, 13) . Because the qRT-PCR assay is designed to amplify and detect a larger portion of the transcripts (usually 100-150 nucleotides) and requires at least two sites for PCR primer recognition, the presence of smaller fragmented transcripts would interfere with the amplification process and require more template. MBs, in contrast, hybridize to 20-30 nucleotides of a specific mRNA, so it may detect intact and larger and smaller fragments of mRNA targets in EVs with only 20 ml plasma (7, 14) . Figure 1F shows that both qRT-PCR (1 ml plasma) and the TLN (20 ml plasma) assay could provide similar information on TKTL1 levels in plasma EVs for blood samples from patients with late-stage lung cancer. However, TTF1 was still not detectable by qRT-PCR because of its much lower concentration in EVs.
The results from our TLN assay demonstrated concentration differences of TTF1 and TKTL1 targets between cohorts, 
